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	18th January, 2021.
RE: revised manuscript, ID: JoVE61901, by Brenner GB, Giricz Z et al. 

Dear Reviewer 2, 

We have revised the manuscript, figures and the video according to Your valuable comments. Please find attached our revised manuscript and a detailed response to Your comments here in this letter, see below.  

We hope that our manuscript and video will meet the high standards of JoVe and it will be considered for publishing.

Yours sincerely, 

Péter Ferdinandy, MD, PhD, DSc, MBA


		








1. Clinical studies on cardioprotection for which a translational model is sought use mortality and hospitalization for heart failure as clinical outcome endpoints. This model had zero mortality after reperfusion (when a patient would enter a study) and no reduction in cardiac index. Clinical signs of heart failure are not reported. Therefore, there is no evidence for heart failure, just evidence for moderate LV dysfunction which would not show up in a clinical outcome endpoint.

Answer: We agree that these large animal models do not completely mimic the clinical situation in terms of multiple risk factors including co-morbidities and their medications, but currently there are no more suitable large animal models for routine use before entering into a clinical trial. Here we have shown 15.4% acute mortality rate in young adult Göttingen minipigs with no comorbidities, and no mortality was observed in follow-up period. Indeed, risk factors affects the outcome of myocardial infarction and cardioprotection as reviewed by us repeatedly (Ferdinandy et al, Pharmacol Rev, 2014, 2007; Trend Pharmacol Sci, 1998). It should be noted that low mortality rate is comparable to clinical studies (Stone GW et al, J Am Coll Cardiol, 2016). Experimental studies with larger group sizes in large animals with different comorbidities   powered for mortality analysis or for other cardiovascular events as endpoints with even longer follow-up are definitely needed, however, this would serious raise concerns in animal-ethics and finances. 
Thank you for Your valuable feedback regarding cardiac parameters and cardiac index. Here we have focused on signs of heart failure that can be measured by cardiac magnetic resonance imaging and found reduction in left ventricular ejection fraction in Göttingen minipigs but not in Landrace pigs. 
Moreover, adverse left ventricular remodeling was defined as an increase of 15% or more in the LVEDV in clinical settings and we found 28% increase after 3 months and a 42% increase after 6 months in LVEDV in Göttingen minipigs (Cung TT et al, N Engl J Med, 2015, Savoye C et al, Am J Cardiol., 2006). In order to further examine signs of heart failure, we performed measurement of the the left atrial volume indexed to body surface area (LAVi). LAVi increased by 34% in Göttingen minipigs after 6 months (Figure 5A, see below) and did not change significantly in Landrace pigs after 2 months (Figure 5B, see below). Moreover, the presence or absence of pulmonary oedema was assessed by cardiac MRI on the localizer images. Pulmonary oedema was observed in both breeds as a result of cardiac decompensation. Ten out of eleven Göttingen minipigs (see also below representative figure 5E) and nine out of ten Landrace pigs showed obvious signs of pulmonary oedema. 

According to the request of Reviewer #2 we amended the discussion section as follows on page 13:
“Here we observed a 15.4% acute mortality in Göttingen minipigs and no mortality in the follow-up period, the let-ter is comparable to that in clinical studies. Indeed, a patient-level meta-analysis of 10 randomized clinical trials found that the Kaplan-Meier estimated 1-year rate of all-cause mortality was as low as 2.2% following myocardial infarction”. 

According to the suggestion of Reviewer #2 we amended the discussion section as follows on pages 14:
“Moreover, adverse left ventricular remodeling was defined as an increase of 15% or more in the LVEDV in clinical studies and we found here a 28% increase after 3 months and a 42% increase after 6 months in LVEDV in Göttingen minipigs showing a clinically relevant adverse remodeling.”

According to the suggestion of Reviewer #2 we amended the limitations section as follows on pages 14 and 15:
“Signs of HF were assessed by CMRI, according to a recent guideline on the relevance of rigor and reproducibility in preclinical studies on cardioprotection recommends… A further limitation is the lack of different risk factors and comorbidities and thus the present large animal models do not completely mimic the clinical situation in terms of the presence of multiple risk factors including co-morbidities and their medications. However, currently, there are no established large animal models with multiple comorbidities for routine use. These large animal models cannot be powered for mortality analysis due to animal ethical reasons and the high cost of these studies.”

Also, according to the request of Reviewer #2 we amended the results section with a new figure and text as follows on page 10 and 11: 

“In order to further examine signs of HF, we performed measurement of the left atrial volume indexed to body surface area (LAVi). LAVi increased by 34% in Göttingen minipigs after 6 months (Figure 5A) and did not change significantly in Landrace pigs after 2 months (Figure 5B). Representative images show the tracing of the left atria (Figure 5 C-D).  Moreover, the presence or absence of pulmonary oedema was assessed by CMRI on the localizer images (Figure E). Pulmonary oedema was observed in both breeds as a result of cardiac decompensation. Ten out of eleven Göttingen minipigs and nine out of ten Landrace pigs showed obvious signs of pulmonary oedema.”
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Also, we amended the figure and table legends section as follows on page 12: 

“Figure 5. Left atrial volume indexed to body surface area (LAVi) in mL/m2 in Göttingen minipigs (A) and Landrace pigs (B) measured by cardiac magnetic resonance imaging. Representative images of left atrial volumes, tracings were made on the two- (C) and four chamber (D) cine images. The white arrows show the presence of pulmonary oedema on the representative localizer image (E). *p<0.05 vs. corresponding baseline (paired t-test in Göttingen minipigs and Landrace pigs).”


Also the protocol section is amended as follows on page 4:

“Quantify left atrial volume by tracings on the two- and four-chamber cine images. Correct the left atrial volumes to BSA to get left atrial volume indexed to body surface area (LAVi). Assess the presence of pulmonary oedema on the localizer images.”

The discussion section is amended as follows on page 14:

“In addition, here we have shown that LAVi increased only in Göttingen minipigs, but not in Landrace pigs. Increase of left atrial volume is an additional key structural alteration in the context of HF and is an independent predictor of death and HF hospitalization in patients surviving MI.”

In addition, we amended the limitation section as follows on page 15:

“… the use of more targeted angulation of CMRI imaging planes and more targeted sequence may result in better estimation of left atrial volumes, and pulmonary oedema.”

2. I am surprised that the authors used 120 min LAD occlusion and still found only moderate scar size during follow-up. My concern is that they occluded the cannulated limb and induced remote pre-, per- and postconditioning. This cardioprotection would limit the potential for further cardioprotection. In fact, the authors did not provide any evidence that they could induce cardioprotection in their model.

Answer: We kindly disagree with this statement because these scar sizes are comparable to those in clinical trials. In clinical trials performed by Lonborg et al and Stone et al in patients surviving ST elevation myocardial infarction (the 2 studies involved 2941 patients), the median scar sizes (% left ventricular myocardial mass) were 9.5% and 17.9 % respectively (see ref 30 and 31 in revised manuscript). These scar sizes accord with our observations. Moreover, what can be seen in the literature is that the scar sizes/LVmass reported in publications for Göttingen minipigs ranges between 12-25% (see ref 32 to 37 in revised manuscript) and in Landrace pigs ranges between 14-18% (see ref 38 to 40 in revised manuscript). 

Nevertheless, to further clarify this issue, we amended the discussion section as follows on page 13:

“Scar sizes reported here are comparable to those in clinical trials. In clinical trials performed by Lonborg et al and Stone et al in patients surviving ST-elevation myocardial infarction the median scar sizes, measured as % of left ventricular myocardial mass were 9.5% and 17.9 % respectively. Moreover, scar sizes in our present study accord with those reported in previous publications in Göttingen minipigs (12-25%) and in Landrace pigs (14-18%)”.

As to the reviewers concern on that the occluded and cannulated limb induced remote pre-, per- and postconditioning we believe that remote conditioning was not performed in these settings, since the definition of remote conditioning includes brief and reversible episodes of ischemia with reperfusion in one vascular bed, tissue or organ Heusch G et al, J Am Coll Cardiol, 2015). In addition, remote ischemic conditioning failed to affect myocardial infarction sizes in Landrace pigs (Baranyai T et al, J Transl Med, 2017) and failed to reduce infarct size and to improve clinical outcomes in a recent single-blind, randomized controlled trial (CONDI-2/ERIC-PPCI) performed at 33 centers across Europe in STEMI patients (Hausenloy DJ et al, Lancet, 2019). In addition, occlusion of femoral artery following the angiographic intervention had no effect on the function of legs in pigs. Moreover, this is an animal model, control and treated groups would undergo the same treatment. 

Along with the comments of Reviewer #2 we amended the methods section as follows on page 8:

“Occlusion of femoral artery following the angiographic intervention has no effect on the function of legs in pigs as assessed by daily veterinarian observations.”

Minor issues:

Please report scar size/BARI area at risk, too.

Answer: According to the request, we report here the IS%/BARI%. No differences were observed between the groups, when IS%/BARI% was measured. 
We amended the results section accordingly as follows on page 9:

“No differences were observed when scar sizes were related to the BARI scores in Landrace pigs at 2 months (0.55 ± 0.1) and in Göttingen minipigs at 3 months and 6 months respectively (0.75 ± 0.12 and 0.57 ± 0.08).”

Was temperature and/or blood flow in the cannulated limb measured? Could the pig walk after femoral ligation and recovery?

Answer: Temperature and blood flow of the cannulated hind limb was not measured, however, no signs of critical limb ischemia were observed in pigs by the daily observation of the vet.

According to the request of Reviewer #2 we amended the methods section as follows on page 8:

“Occlusion of femoral artery following the angiographic intervention has no effect on the function of legs in pigs as assessed by daily veterinarian observations.”

Antibiotics and/or analgesics after the occlusion/reperfusion?
Answer: Please note that the details on admission of antibiotics and analgesics were described under point 2.1.2. Monitoring of the animals for general health status, discomfort, mortality was reported under point 4.4, and now we have amended with some more details. As per the antiinfective therapy, antibiotic cocktail (benzylpenicillin-procain, benzylpenicillin-benzatine, dihidrostreptomycine-sulfate) was administered parenterally. This single injection maintains therapeutic plasma concentrations for long periods, thus readministration is not needed. No signs of wound infections were observed on daily veterinarian checks.  
According to the request of Reviewer #2 we amended the methods section as follows on page 8:
“4.4. Closely monitor the animals in the recovery period and inspect them every 12 hours until postoperation day 3, then every 24 hours until the end of the study. Particular attention should be given to eating and drinking behavior, lethargy, signs of infection, painful condition, weight change, mobility, and general health status.”
What was the time interval between the onset of reperfusion and the start of the intracoronary infusion of saline? I am concerned that the crucial early reperfusion phase could be missed.

Answer: The time interval between the onset of reperfusion and start of intracoronary infusion of saline was 5 min due to technical reasons as this time is required to perform control angiography to confirm the success of reperfusion and to introduce the microcatheter for therapy administration. We believe that the crucial early reperfusion time is longer than 5 minutes. One of the most obvious and serious deficiency in the field of cardioprotection is the lack of the studies of optimal dosing and timing to estimate efficacy and safety of cardioprotective therapies (Heusch G, Circ Res, 2017). In addition, preclinical data on efficacy of delayed ischemic postconditioning (IPost) showed that IPost applied 30 or 45 min after the start of reperfusion reduced infarct sizes in rats, suggesting that the time window for cardioprotection can be much longer than 5 min (Barsukevich V et al, Basic Res Cardiol, 2015).

According to the suggestion of Reviewer #2 we amended the methods section as follows on page 8:

“3.1.5. Connect the microcatheter with the perfusion pump and initiate intracoronary administration 5 minutes after initiation of reperfusion.”
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